Simultaneous patch-clamp recording and calcium imaging in a rhythmically active neuronal network in the brainstem slice preparation from mouse.
Intracellular calcium signals are critical for modulation of neuronal function, and also for pathophysiological states during human neurodegenerative disease, such as Morbus Alzheimer and amyotrophic lateral sclerosis (ALS). We investigated intracellular calcium signals in motoneurones of the nucleus hypoglossus from the mouse, which were maintained in a functionally intact state of rhythmic, respiratory-related activity. Simultaneous patch-clamp recordings and calcium imaging demonstrated that rhythmic inspiratory-related clusters of action potential (AP) discharges are paralleled by calcium oscillations both in somatic and dendritic compartments. Calcium oscillations resulted primarily from the AP-induced opening of voltage-dependent calcium channels in the soma and dendrites. Dendritic calcium transients differed from somatic responses in their kinetics, amplitude, voltage dependence and regulation of basal calcium levels. Based on a combination of infrared differential interference contrast optics, microfluorimetric calcium imaging and electrophysiological patch-clamp recordings, our results demonstrate that the brainstem slice preparation is an attractive model system to study the integration and superposition of calcium signals in a functionally intact neuronal net.